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b : Design and Testing of Small Composite Specimens
- v o ~ ABSTRACT '
b An experimental investigation was conducted to study the
effect specimen size on the buckling strains of liminates sub-
S b jected to low veiocity projectile impact. The fiber composite

selected was T300/5208 graphite/epoxy.system. The quasi-isotropic

lam1nates tested had 16 and 32 plxes. The results were compared
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: w1th those of a 48-ply laminate tested elsewhere. Specimens of
three different lengths with length to width aspect ratios of 1,
1.5 and 2 were also studied. The results show that (a) the spe-

cimen length does not have ‘any significant influence on the

e buckling strains at failure caused by the projectile impact, (b)
o the 1nfluence of spec1men thickness on the strains at fallure
' % v would decrease as the veloc1ty of the xmpactlng projectile in-
3 Acreases.
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LEGEND/ABBREVIATIONS

Kinetic Energy of the impacting projectile,'J._
Stress, MPa. '

Maximum Stress (of undamaged specimen), MPa.
Strain corresponding to o.

Maximum Strain corresponding to 5.

Nominal length of specimen, cm.

Nominal width of specimen, cm.

Nominal thickness of the specimen, cm.

Data point cofreéponding to catastropic failure.

Data point corresponding to residual strength or
strain of specimen surviving the impact.

Data Point corresponding to preload or prestrain

applied to the specimen prior to impact.

Subscripts refer to values at impact, residual stage,
ultimate or maximum values, respectively.
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| INTRODUCTION

The use of hlgh modulus fiber comp081tes in the de81gn of

structural components of alrcraft is 1ncrea51ng. "One of the

problems that need attention in such a design is the effect of
low velocity projectile impact on the strength carrying ability
of the comp051te structural components. If the structural com-

ponents are to be subjected to compressive loads, the ana1y51s

" of buckling failure modes is also important. The objective of

the present work is to show any correlation that may exist be-
tween the results obtained from testing large thick panels and

small th1n panels. Earlier work by'Rhodes [1}* addressed some

aspects of the buckllng stralns in th1cker comp051te lamlnates.

Several types of failure modes in the thlck compression panels

were also identified in this study. With the-results of this

>study in the background, the present study is directed to in-

vestigate the advantages, if any, in testing thinner laminates

of variable lengths. The specimen‘stabilization and loading

mechanism is similar to that used by Rhodes [1] and is shown in

Figure 2.

* Numbers in the square brackets refer to references at end.
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SPECIMENS AND EXPERIMENTAL ARRANGEMENT

o All the specimens tested were identical with respect to

material, orientation, stacking sequence and width with thé
exception of the thickness and the length. The material
selected was graphite/epoxy (T300/5208) system. The orienta- -
tion and stacking sequence were (145,0,90)4s for the 32-ply

A Series laminates and (+45,0,90),5 for the 16-ply B Series
laminates. Each lamina in the panel had a nominal cured thick-

hess of 140X10°°

m (0.0055 in.). The nominal dimensions of the
specimens tested are shown in Table I. A sketch of the speci-
men indicating the unsupported and the supported dimensions is

shown in Figure 1. A general specimen support and stabilization

.mechanism is shown in Figure 2. This supporting device was used

in testing all the specimens. However, the side support bars

‘and channel sections as shown in Figure 2, were of variable

lengths to correspond with the respective specimen lengths. The
projectile impact at low velocities was accomplished by using an
air gun. The projectile is an aluminum sphere 1.27 cm (0.5 in.)

in diameter. The projectile firing mechanism was described

‘briefly by Sharma [2].

‘Static compfessive loads we?e applied to the specimens
using the specimen loading and stabilizing device as shown in
Figure 2. 1In this figure, only the bottom support plates are
shown. The tdp support plates (not shown) are similar to the
bottom support plates (D & E). The side support bar (A) and
the channel (B) were designed to p;event the laminate from

column-type failure under compressive loads. The bars, shown
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as C ‘(and there were four such bars - two in the bottom and two

.in the top) serve to érevent the side support mechanism from
.rotatfng (or tilting) in compression. The whole device was de-
signed in such a way to accommodate the axial compressive
defofmation of the speciméns. Detaiied dimensions of the sup-
porting device were shown in Ref. 3. The compressivé loads and

the resultlng strains were recorded using the standard experimental
techniques. The axial strains were measured using four strain
gages. Two of these gages were bonded on the front plane and two
at the‘corresponding points on the back plane. Moreover, the gages
wefe iocated at points on the specimen away from the physical con-
gtraints imposed on the specimen by the supporting

"and loading mechanism. Several undamaged specimens in each of the
series were tested to determine the compressive axial strains and
the corfesponding loads. Some of the specimens were subjected to
varying magnitudes of preloads prior to the projectile impact.

The magnitude of the preload epplied to the specimep was less than
the maximum compressive load. Depending on the magnitude of the
preload, some specimens failed catastrophically upon impact.
Loading was continued on those specimens that survived the impact
to determine the resxdual strength of the impact- damaged spec1mens
The term "failure :hreshold" used in subsequent sections is deflned
as the lowest buckling load which precipitated catastrophic fail-
ure in the specimen at a given impact energy. The stress ratio,
o/6, wused in this report is deﬁined as the ratio of the stress

in the specimen prior to impact, or the residual strength of the

specimeh, to the static buckling strength of the virgin specimen.
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projectile.

RESULTS AND ANALYSES

The nominal width of all the specimens was 7.62 cm (3.0 in;);
‘In each of the Séries labled as A and B, spec1mens of three d1f—
ferent lengths with length to w1dth aspect ratlos of 1:1, 1.5: 1,
and 2:1 were_tested. The total number of specxmens tested in each
of the series is shown in tabular form elsewhere in this report.

The numerical data fror testing the specimens are given in
Tables I1 through XIII. The normalized values shown in these
;ables were obtained from dividing the magnitude of the appro-
priate variable by the corresponding average ultimate values of
the undamaged specimens at failure. A few of the abnormal values
observed in this process were:diécarded. These abnormal values
were suspected to be the result of either inadvertent misalign—
ment of the_loading fixture or by not providing sufficient torque
to the bolts éhat hold the specimen in fhe loading fixture. It
may_be réma;ked that those components of the loading and support-
ing device that come in contact with the specimen either before
loading or during loading were provided with smooth rounded off.
edges.in order to minimize any localized stress concentrations
on the.specimen. ‘ |

‘The numerical data for each of the se;ieé of speciméns tested
is plottea as a function of the kinetic énergy of the impacting
The resulting graphs, for example, are shown in
Figures 3-6 for the specimens in A 10 Series (aspect'ratio 1l:1,
32 plies). Based 6n the limited experimental data, a faired cufve
thrbugh the data points is drawn.

This faired cvrve is designated

as a failure threshdld curve. The failure threshold curve may be
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-interpreted to demark the area of graphs shown in this report into

two distinct zones, viz., the failure zone and the survival zone.

" wWhenever the applied stress (or strain) level is above the failure’

threshold, the specimen would “fail catastrophically upon impact at
the.impact energy level under consideration. From these faired
failure threshold curves, it is’possibie to develop an approxirate
idea with regards to the residual strength of the impact-damaged
laminates subjected to compressive loads. The graphs indicating
the experimental data for the other series of specimens, A 15, A 20,
B 10, B 15, and B 10 are shown in Figures 7-10, 11-14, 15-18, 19-22,
and 23-26, respectively.

The primary objective of this study, as indicated earlier,

is to bbéerve any correlation that may exist in the buckling strains -

by testing laminates of various thicknesses and lengths. It was

indicated by Rhodes [1] that width effects beyond a certain minimun

specimen width (for example, width to projectile diameter ratio
greater than 5) appear not to influence the buckling strains.
Consequently, this study is directed towards varying the lengths
and thicknesses of the laminztes studied. The variation of strains
at failure as a function of the total projectile impact energy for
all the laminate series tested is shown in Figure 27. The data
base for the curves in Figure 27 is generated from the respective

faired (threshold) curves for each of the series tested. The NASA

data (Ref. 1, Fig. 9, b, 48-ply quasi-isotropic laminate C) that
is used in this report is similarly generated. The data base so
generated is shown in Tables XIV and XV. Sincé the number of

specimens tested for each series at any one energy level is limited,

R R ;g
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thé data generatéd frbﬁ the faired curves is deemed to be a better
-ftepresentatioh ofléhe laminate behaviqr. It may be noted that the
-ﬁaénitude of the impaéﬁ-energy in the NASA study Qas at a relative-
ly'higher level than the impact energy level used in this study.

Further, the number of plics in each of the series and that of NASA

are 16 (B Seriés). 32 (A Series), and 48 (NASA), respectively. For

the purposé of'comparing éhe‘results, the impact~energy'needed per
piy to cause catastrophic failure at a particular strain level is
assumed to be a common denominator for all the laminates.  The
derived strain data and the corresponding energy per ply for all
the laminatés are also shown in Tables XIV and XV. These results
are plotted as shown in Figuré 28,
_f, . By étudying the series of graphs ianiguré 28, a-few observa-
tions may be made: . _
1. -The laminates of A Series {32 plies)'having the length
to width aspect ratios of 1:1, 1l.5:1, and 2:1 dé not
scem to have significant variétion in their s*rain values
(refer to curves 1, 2, and 3) at any one impact energy/
ply levél. A similar observation may also be with re-
spect to the 16-ply laminates of B Series (refer to curves
4, 5 and 6); Siﬁce the specimen width is essentially a
constant for all the laminates (Series A and B), the
éffect of iength on the values of strains at failure
for any onc Series of lamihétes-appears to be not sig--
nificant.- However, if the bchavior of the Ewo Series
is observéd‘in the low‘enefgy/ply rangé (less Chah about

.. 0.05 J/ply), it may be seen that the thicker laminates
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(A Series) are exhibiting slightly higher strains than

the laminates of the B Series. This may be interpreted

to mean that the 'additional' plies in the thicker lami-
nate may be responsible for exhibiting higher stiffness
at low impact energy levels. On the other hand, the
48-ply NASA laminate (curve 7, and also see Table XV

or Ref. 1) does not exhibit higher failure strains for
the controlled (virgin) specimens. Since data is not
available, the shape of the curve 7, Fig. 28, between tﬁe
energy/ply levels of 0 to about 0.09 J/plv is assuned.
Some of these small differences in the results may be
attributable to the small deviations (specimen supporting

devices, effective width to projectile diameter ratios,

retc.) that exist in testing the laminates of Series A and

B and the NASA's laminates.

Between the impact energy/ply range of 0.05 J/ply to
about 0.15 J/ply, the magnitude of strcins at failure
for all the laminates in Series A and B may be observed
to be the same. It may be remarked that the strengthen-
ing effect of 'additional' plies in the laminates appear
to be converging and tend to be asymptotic to the energy
axis. It may be noted that all the curves, 1 through 7,
appear to be converging to form a coﬁhon asymptote as

the impact enerqgy/ply increases.
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o © CONCLUSIONS AND RECOMMENDATIONS LT 1
’ ; . Based on the results of this inveétigation,Athe folloﬁiﬁg %
i ) .’gonclﬁsions can be drawn: . 5
5 . ‘ 1. At constant thickness, the length to width aspect f
? ratio of the laminates subjected to low yelociﬁy @
i:: ‘ ‘  projectile impact does not seem to have any sig- %
T i : ' :nificant effect on the buckling strain values at E
L ;?é',- S . failure. g
| o - . H
PN ; 2. The laminate fhickness appears to have some in- E
! fluence on the failure buckling strains at low é
f _impact velocities. As the impact energy per ply ’
| increases, ‘all the laminates, regardless of their
i 'é o E thickness, show asymptotic bucklipg strain values
;'/ » % ) ' ; at failure.
§ g in order to ascertain the specimen size effects further on
} .
% the buckling behavior of laminates subjected to low velocity
| projectile impact, it is recommended that:
1. all the laminatesAbe tested using the same
specimen support device and loading mechanism,
2. af least four thicknesses of the same stacking
sequence be tested,
i 3; a large number of specimens per thickness be
éf tested leading to the statistical analyses of

the results,

i 4. the impact energy levels be vgried in a systematic
way from 0 to about 25 J, and

5. the projectile firing mechanism be improved to

develop reliable predetermined energy levels.
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10-13
10-14
10-15
10-16
10-17
10--18

A
A
A
A
A
A
A
A
A
A 10-10°
A
A
A
A
A
A
A
A
A 10-19
) .

L4424 L7097

.5161  .8755
.6544  1.0510

. 4632 .7239
5679
4930

L4456

.5130  .8278
.6669  1.0950
.8749

. . 8278

. . S 1 %
* ORIGINAL PAGE 13 1
" OF POOR QUALITY » i
TABLE III. Normalized Data: AlO Series f
Sériegz . A 10 j
" Avg. Ult. Load:. 173.5 kN , :
Avg. Ult. Stress: 589.475 MPa ;
Avg. Ult. Strain: .01085 !
- Specimen :
Number Normaliized Strain Normalized Stress
€i €p €u oy op Oy
10-01 9309 1.0027 .
10-02 9677 .9327
10-03 19677 ©1.0260
10-04 4977 . .7650 L4494 .6960
10-05 .7097 ' L7565 |
10-06 .5806  1.0410 .6156 - .8808
10-07 .7097  1.0600 .6926 .8964
10-08 .7189  .9309 L7695  .8480
10-09 ' 1.1340 1.0390
. 8756 .8814
10-11  .7650 <7944
10-12 .6636 .6705




TABLE III (Continued)
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Specimen T |
Number Normalized Strain Normalized Stress
61 Cr Eu O'i Or Uu
A 10-21 L7834 1.0510 AT 29945
A 10-23 .2120 L7742 .2309 .8308
A 10-24  .2304 4793 .2565 .5105
A 10-25 .2673  .9954 .3078  .9324
A 10-26 .3318 .7005 .3848 .7888
A 10-27 .3687 L4117
A 10-28 3410 .8940 .3848 L9414
A 10-20 .4608 L8571 .5130 .8901
A 10-30 3410 .3848
A 10-31 .2488 .9217 .5130 .8901
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v 19 i
v TABLE V. Normalized Data: A 15 Series o ' é
Series: A 15 | ;
Avg. Ult., Load: 171.92 kN 3
- Avg. Ult. Stress: 525.62 MPa :
Avg. Ult. Strain: .0113
Specimen
Number Normalized Strain Normalized Stress
€1 €r €u o3 Op Oy
A 15-01 v . 4248 .4109
A 15-02 B 4071 4507
A 15-03 . 1.0000 1.0000
A 15-04 . 3097 . 3809
A 15-05 .2389 | .6283 .2587' .6698
A 15-06 .4248 <9469 .4§57 <9475
A 15-07 .5752 .6284
A 15-08  .7433 .8993
A 15-09 . 4690 7522 «5175 .7907'
A 15-10 .3540  .9203 . 3881 .9397 ’i
A 15-11 . 3451 L7522 . 3881 .7873‘
A 15-12 2124 .3894 <2329 4372
A 15-13 <1947 2566 . 2070 .2652
A 15-14 .5929 L6525

ORIGINAL PAGE (S
OF POOR QUALITY.
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v :TABLE VII. 'Normalized DSta:b A 20 éériés t
. . Séries:v - A 20 e
. e Avg. Ult. Load: 171.95 kN
- - Avg. Ult., Stress: 528.76 MPa
- "Avg. Ult. Strain: ,0105
) Specimen ' 3
Number Normalized Strain Normalized Stiress :
. , . ‘ | - ' €4 €p €y o3 gp Oy §
A 20-01 SR .400¢C L W 4176 é
‘A 20-02 | 4952 | L 07 ;
A 20-03  .1619  .2476 2070  .3174 %
A 20-04  .2381  .3428 2587 .3620 | S
A 20-05 .3048 L7143 .3363  .7604 é
A 20-06  .3238  .5048 .3622  .5335 o :V ;,%
A 20-07 L4571 a6 | B
- A 20-08 3905 | 419 %
- ) A 20-09  .3048 . 3363 ?
A 20-10 L9523 . 9904 _ E
A 20-11  .6190  .9428 6468  .9397 i
A'20-12 (2381 .5905 .2587 .6253
A 20-13 1.0480 ' 1.0090
A 20-14  .2286 .5524 .2587 6334
§
) ya
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TABLE IX.

Series , B 10
"Avg. Ult. Load:  59.76

Avg. Ult. Stress: 359.0Y MPa
Avg. Ult. Strain: .00825

'Normalizéd Data:

B 10 Series

ORIGINAL PAGE (S
OF POOR QUALITY

‘Specimén _ : . . _
Number ."Normalized Strain Normalized Stress
| . €5 €r €u O3 | grv o %
"B 10-01 7757 .7853
B 10-02 7273 .6572
B 10-03 . 4848 5441
B 10-04 .3151 . 3757 ‘ .2977 .3319 '
B 10-05 .3030 - . 3647 |
B 10-06 1,1390 .9989
B 10-07 .4000 L4749 o
B 10-08 .3879 .4198
B-10-09 .2667 . 6906 2977 7264
B 10-10 .3273 . 4970 . 3349 L5113
B 10-11 .5030 L4727 . 3721 L4927
B 10-12. 1.0420 : | 1.0840
B 10-13 .4970 5478
B 10-14 .6909 .8217
B 10-15 .6303 | 7220
B 10-16 .6545 ~  1.1510 743 1.0750
B 10-17 .7151 1.0300 .9230  1.0230
B 10-18 8606 | .9304
B 10-19 .2303  .4606 | 2642 .5307
B 10-20 .1939 .4606 .2233 .5203 )
B 10-21 .9576 .9862
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"TABLE XI. ‘NOrmalized Data:

‘Series: B 15

Avg. Ult. Load: 55.00 kN
Avg. Ult. Stress: 338.36 MPa

'AAvg. Ult. Strain: .0073

B1S Series

Specimen _ .
- Number . Normalized Strain Normalized Stress
gy €. €y o5 - 0. o,
B 15-01 ‘ .9178 o138
B1s-02 - .9726 | .9946
B 15-03  .4932 .5661
B 15-04  .3425 .3699 .4043 .4205
B 15-05  .3151 L3477 '
B 15-06  .2054 6027 .2426 L6631
B 15-07  .2329 L5068 .2426 5418
B 15-08  .2603 .3425 .2830 . 3477
B 15-09  .3151 L5342 .3234 .5579
B 15-10 1.1100 1.0920
B 15-11  .3973 L4448 |
B 15-12 - .2329 - .2877 .2426 L3437
B 1513 L4247 ~ 1.0000C 4852 .9866
B 15-14 '.5068 | 5741
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TABLE XIII. Normalized Data:

32

B 20 Series

Series: . B20
Avg. Ult. Load: 49.015 kN
Avg. Ult. Stress: 308.875 MPa
. Avg. Ult. Strain: .00695
Specimen :
Number Normalized Strain Normclized Stress
€5 : €r eh O3 Op Ou
B 20-01 - .8633 .9891
B 20-02 . 1.0500 1.0110
B 20-03 .5036 .6352
B 20-04 ‘ - 4460 5444
B 20-05  .3309 .6331 ‘ .1083 6352
B 20-06  .4892 o L5789 |
B 20-07  .2446 .7338 .3629 .8103
B 20-09  .3885 . 7626 | .5444 .9129
B 20-10 | L4604 w | | 5454
B 20-11 . 3885 1.1370 .6352 1.1210
B 20-12  .6762 .8201 L7713 .9074
B 20-13  .3021 - .3597 3630 .4120
B 20-14 L4455 '

. 3165
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TABLE XV. Faired Data: Strains, K.E/ply

Size:
- Lamina

No. of

Strain

NASA (Ref. 1 )

3" x 10" and 15" x 10"
(+ 45,0,90, % 40,0,90)3S

Orientation:
Plies: 48

,:K;Ef
Jjoule

K.E./ply

Joule/ply

.0090
. 0075
. 0060
.0052

. 0040 |

.0028

o
4.750
7.000.
8.500

11.200

14.700

19.500

o N
.099

146

177
.233

+306

.406
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Figure 1. . Nominal and Unsupported Specimen Siz

YA

ST AN




!

..4\‘

ORIGINAL PAGE IS R
;.38

OF POOR QUALITY.

SPECIMEN

A%
«:

s S BAR ) VOLIPE SUretT CHANNDEL

END GHpeeep

FLGi: 2,

RAR

Vo END SUETYYYT PLATE
B VI ot LAY

(Illi\’i.‘.lh\l. VIR OF SPECIME. SUE OPTING DEVICE

présanpeesy )

e

AT I s g

L T LT S

e vt gy




39

ORIGINAL PAGE |
F POOR QUALITY

o

mmﬂnmm 01 ¥ - @1r393foagd 3o "I°A *sA SS2I38 £ ®Janidtd
p ‘e11308foad Jo L8aoug 0f39uULy .
0
9 S K4 B Z w 0
1 | i |
o ©
v ©

¢s5s3d1%S

BdN

S




T e 5 T B A T T YR Y T g wem e e e T Y LD A

40

e e e i i 4 A A A T DT

. "sarasg 0T V 17300 f0xd JO .mux *SA $S813S PAZITBUWION °¥ 2an3Td

ymwmh. S ﬁ..._ - . . p ‘aTt203foad Jo L3asug OTIdUTY
R AT 9 : Y £ 2 - T 0
S T mmn A T T v T 0

1 s¢°0

S A AT T e T T T PR R TR

T R °
T pedl o
.A 050

‘01peY SS941S

- opGE 1S
ARIGINAL PA
OF PoOR QUALTY

o/0

GgL°0

00°1




LSRG

a1

OF POOR QUALITY

ORIGINAL PAGE IS

S9TJ498 QT V :oTT309f0oad Jo *I*Y SA UIBI}S °¢ 24n3f4

.h.“wa«pomwonm Jo ALB8xsug o139UTY

9 g 14 £ 4 T 0 4
] i 1 . 1 . | .
£00°0
—0
900°C
600"

\\m\ 2z $ 210°0

3 ‘ugsuaig

: Y
PRIV S




e

S9TJ8S OT V :8TF303f0ag Jo “F°Y *SA UTRILS PIZITBUION *g 2an81g

w L... L . : £ ‘arr309foag Jo L3asujy SRS R-1¢4 5
_ 9 $ 7 £ 4 1 0
I T L 1

@]

(®) -1 620

3/3 ‘oriey uisuays

»
.
-
L ] . .
N
< .
. / . . . ’
i P e—— LD ; AT e S i rm : S— vt s e i .
el i 2 T s e, ~ g s
"\
- - ' » .

. - -
e



SESSE S PRI

S

Ve e g

SOFJI8S 6T YV :9TT1%9f0oxd Jo °*d*Y °*°sA sssayg L 8andyg
. p ‘eTp3o9foad Jo £S8aauy oTFdUTY

¢ 7 £ 4 T

i 1 1 1 T

£57

002

00Y%

¢ssaang

BdN




UYL 7T S9TJd88 ¢TI V¥ umaﬂpomwonm Jo .m.w ‘SA SS911g pezITeWJION ‘g sanfig
L ‘911308 foag jo £3asug oy3eury
9 4 ¥ £ Z T 0
‘ T T 1 ] |
MWW\LIAU~ ¢z0 .
2y =o T2 X
[ B . . o N
(L) )
<3 s
a Qo -
[+ 4 . o
. 060
mm :
oo -
e
& < 3
€S ’ aj
6L°0
i ! 00°1
0 ST ) e * : i




. -45

soTI9g ¢T V :9TF309(0ad JO *I'Y °SA UTBILG

6 dandty
£ ‘91raosfoayg mo.hmumcm 0T19UTY
9 ¢ 7, 3 2 1 0
T | T ! T 0
ep
o £00°0
23
o O
25
e
= 900°0
T
&6
600°
o ¢T0°0

1S

3 uted



SaTI8g ¢T V¥ $9TF302foag Jo gy -sa UTBI3S PIzTTBUION QT sanidry

£ ‘®T113103f0ag jo £8asug or3aury

9 g 7 , £ -2 T . 0
T I 1 ] i . . 0
K27 O . @)
1324 2
3 :
13 3 ok
o< o]
a3 o
e o
<O e
= 0o °
oa :
e
68 <
_ ™|
1

RO " . AT e B AN b €1 1 it e - 242k




“ o~ .
: B - S§39TI98 QZ V :911%99f0oad Jo °*I°'Y °'SA ssax}g TT sand1yg
o o | r ‘sT1309f0ad jo L£8asuy orjautry . )
9 g v € oz 1 0
I { 1 | | 0
or — o
. va Q ol y 4 002
! AU
; o O
. L
29 5
(GRS ) . o
. LBy ooy @
=
.d
N >
i -4 009
! L . ! _ A 008




7 , ey 4 . , . : .

- e oo e i chied tok AL OE U M R e

a8

sotas : ; _

w S0z vV *STFI99f0ag Jo gy -sa sseasg PSZITRUION 2T san3y
| r ‘®TT308f0dg Jo £3asug oT38uUTy
9 ¢ B £ 2
. ‘ T T ]

=
m, . g0
; ¢m.3° | 1
N N ad
; ¢ ;-
: vy > :
v e~ :
3 03 . W
: 05°0 ot

| t Ll

0/0 ‘o

ORIGINAL PAG
OF ‘POOR QUALI

$L°0

00°1




$9TJI95 0Z V :2TT303(0 gy e oL
T308f0ad Jo Iy °*SA UTBILS €T oandTg : L I

| £ ‘@T11%03foad Jo K3asug o13suUTy A \\
9 g - /o
. 4 £ 4 T 0 . s
T T . T T — : 0 I

ORIGINAL PAGE IS
_ OF POOR QUALITY

3




e e m—

50

$9TI95 0z ¥ :9711309f014 30 d°¥ *Sa ureils paziTewion ‘$1 @2anb1yg
L ‘srr13nsfoag jo Abisug or3sury

w | 9 - o € z 1 0 M o7
; ‘. : . . . v ) )| 1 I 0 i

I R ke S

-1 S62°0

IS

OF POOR QUALITY.

EIHTFNONE XN

ORIGINAL PAG

g = e ey

/3 ‘orijey uteiayg

3

Bt st s o i airtens i




B TS NI A S g TS e

rop e (g R ALY v o,

iSRS,

51

'§9TI9S QT € "wﬂﬁuumﬂoum 3o m.x *SA ss?138  *GT 92anbrg
A 0 ‘ar1309loag jo Abasug or3autry

°s 5 - p N z T o
T T T T T —1 0

-1 002

‘ssa13s

—7 00V

OF POOR QUALITY
edn

i ORiGiNAL PAGE IS

-t 009

008




it e
T Cana eohs
IR T e e N =
i 7 ey S
e A g s L
gz e e sy ey g v -

SO—
—— rA——— i J,Mh

v |
T 2
v B
B

wLidaial e sl L A

Sa1a® : }
satass 0T € :277309(01g 3O 'Y °SA SS3I3§ PIZTIBWION  *9T 2anb1a

p ‘sr1r13osloag jo Abasulx OT3IBUTH

O RN ICARTIEN ST O

9 S v £ z 1 0
1 T : T I 1 0

X L S A

SR Thn ey el

e) ) —1s¢°0

1S
©

OF POOR QUALITY

‘o13RY SS913§

cE

ORIGINAL PA
/ fo)

(o]

1
h




/.
/ +
: . : o ererna B —
o
0
w
. . . . . i
saT1I9s 0T & :oT13o9foag JO F°Y °SA UTERIIS */T @anbtd _
. !
¢ . |
8 o ‘aT1309l01g 3O Kbasug OT3IdUTY W
9 S v € z T 0
i Y T T j Y 0
o © o
ar o © &L
A = -1 €00°0
E: 2o |
a0 g
Y. 5
74 D
Z3 -
: GP -
™ 900°0
ook ™
600°0
) 1 1 [ ! [
. . z10°0



B

54

soriss 0T @ :oT130dfo1d JO F°y °SA uTeIlg PSZITBUWION -gT @Inbta _ : E

-p ‘e11309f01d Jo Abasug OT38UTH

T s v £ ¢ T 0

] . ! LS | {

w".”m
Qv
]
R

‘orjey uteals

ORIGINAL PAGE IS
3/3

'OF POOR QUALITY,

NI U

bearom 2vesome 2, v

: ot ;
: ,,
y 1
i ﬂ
v. “
: ' R
.. ”."
. s
: i
R

f ;
B

w . .

- * . - .

s )




i 1 ey e amTe - - - = Riand d
-
n
........... i . . setaes ¢ g :97T3d2f01g 3O I°Y °SA $S3135  "61 2anbrg
r ‘art3Ioafoag zo Abasug uﬁuuc..nx
-9 S 4 € 4 T 0.
T T | ] i 0
oSl 40 /e
si s
e P FPuws T8
° ooc
3 w
- . (34
S c m
& 2F a
g —mw 00r o
e 5
3 5
= mm
58
% uw
$5
- 009
L L L . . 008




e e e A TR G g LT I g S e g Sp 1

56

saT19s ¢T € :9Tr3Ioslfoag 3o g+y °SA SS3I3S pozZITRWION -0z dInbra

o ‘a11309f02g 3O Abadulg OT3I™”UTY

: o _ ° S 14 £ [4 T oo

- T T ] T | —
.
g
@
2 Ly F o
; v hAuM 0
; o -
= 23 z
i M.NP [
1 ‘9
M al
| ._
b . . :
w * * - y \ . :
M
2 .




— ETTTATETIASY v eem e &

—— b e

57

S3t1198 6T g :91r3osafoxad Jo I°M °SA ureils Iz aanbry

W_p, L L ' ‘sr1aoafoxg jo Abidug or13aUTY . o - ,

T 9 S 4 € 4 T 0

i t 1 . i

£00°0

S

Jutex

o
3

-0
o
o

OF POOR QUALITY

'ORleAL' PAGE IS

< 600°0

¢10°0

e
N . oo . M
. . . , . '
. L *
N
1 * g ’




s27195 GT €@ :9T7r30ef01d JO d°Y °SA UTRI}S PIZITCWION °ZZ 3Inbid
L ‘a11309f0ag 3o Abasug o13LUTH

9 S v € z LT 0
1 ] 1 ) |

o5°L 4

” . wm 9
m osL 10 _ o
3 T 6 O o
o
0
, Y
o
£ e
. o

3/3

TSI

ORIGINAL PAGE I3

" OF POOR QUALITY

5

22
-

e




o R Y e T G e A A

5 St el

59

AL PAGE 1S

oF pOO

ORIGIN

S9T198 02

g :9T1309f0ag 3o F'y *sA ssaa3zg *€Z @anbtg

£ ‘sT1r3osfoag jo Abasug or3sury

002

-1 00¥

-1 009

008

PdW ‘SS913S

e ey



ot ] g e

T

60

b b by b q h

L ‘srT3nefoag jo Abasuzg or3aAuTy

PACE ¢
QUALITY

‘OoT3RY SS911%

0/0

ORIGINAL
OF POOR

R s ey




PAGE IS

OF POOR QuALITY,

ORIGINAL

s T B RO
o

S9119S8 0z € “mawwothum wo d*N °*SA ureays

TN e

L ‘s11303f0ag 30 hmuwtm o1389uUTYy

RO Y

9 ] 14 £ [4 1 0
T T ; T . T ; T 0 . :

L

‘uteassg

3

1600'0 [ ﬁ

. ZT0°0 e

L e e s o e D D i it

T T A e B 1S i $tmarnd LAl N e S DA i A PO S M st G e b 0 s P o eme - oreo a0 famsiie : < e




; s2139S 02 m,.“maauumﬁoum Jo @M °SA UTRIYS PIZTTBWION *gz 2anb1Jd

o ‘a113089f01g 30 Abasug o138uTy

et : R - 1 0

T T T

sZ°0

EIS

UALITY

 ORIGINAL PAG
OF POOR Q

SL°0

B
SAL Deniisnt

0s°0

3/3/0130Y UTRIIS

.

WRRPT O LI I oort.
o A

g




.7 peatejy ay3 woaz

81

OF POOR QUALITY

ORIGINAL PAGE IS

{1 °32¥)

saT1398
$31198
s91138
$911938
sata1ag
satass

‘9
°S
‘v
°€
°C
*T aaiand

L

&
b
I3
£
H
5
v
v

° {s2aInd pToysaiyl
sanfea) Abasug arriosfoid *sa ureils <Lz 2anbrg

L ‘o11308f0a3 JO Abasumg o139UTy

SRR S LT

itk

as

utex




] .~1ﬂﬁ — _ . I .\\ _
s e e e vy T T R T o m\\ *
. .
< Atd/Kbasug a11309f03g °Sa ureizs gz aanbig W
A1d/p *‘Atd/a11308foag jo Abiaum o13sUIY WM \\
. . } ! \. '
0€°0 S¢°0 0Z°0 ST°0 01°0 S0°0 ] wm
T ) T T T 0
oy 200°0 -
w3 L/
&3 L
oo P
=0 ¥00°0 o
oa s
. 00 w\ -
wn ,\\.
[ad s A
Y PR
900°0 & food
, - | :
i
¥
/
/)
800°0 |
(T °39¥) ¥S¥N °L
- S8TI88 0C € *9
S9T195 6T € °§
S3T1388 0T € ¥ - -1 0T0°0
S3TI88 QT V °¢
S3TI95 ¢TI ¥V "¢
. $2TI138 QT V¥V T @4anD
! : - . . 21070
. . ﬁ R
f_. / ; k\ d_ .\..




